Understanding demographic trends and patterns of gene flow in an endangered species, 26 occupying a fragmented habitat, is crucial for devising conservation strategies. Here, we 27 examined the extent of population structure and recent evolution of the critically endangered 28 Yangtze finless porpoise (YFP, Neophocaena asiaeorientalis asiaeorientalis). By analysing 29 genetic variation at the mitochondrial and nuclear microsatellite loci for 153 individuals, we 30 identified 3 populations along the Yangtze River, each one connected to a group of admixed 31 ancestry. Each population displayed extremely low genetic diversity, consistent with 32 extremely small effective size (≤106 individuals) and census sizes. Habitat degradation and 33 distribution gaps correlated with highly asymmetric gene-flow that was inefficient in 34 maintaining connectivity between populations. Genetic inferences of historical demography 35 revealed that the populations in the Yangtze descended from a small number of founders 36 colonizing the river from the sea during the last Ice Age. The colonization was followed by a 37 rapid population split during the last millennium predating the Chinese industrial revolution. 38 However, genetic diversity showed a clear footprint of population contraction over the last 50 39 years leaving only 2% of the pre-collapsed size, concomitant with the industrial revolution. 40 These results provide background information for devising mitigation strategies to prevent 41 YFP extinction. 42 43 3
Abstract 24 25 Understanding demographic trends and patterns of gene flow in an endangered species, 26 occupying a fragmented habitat, is crucial for devising conservation strategies. Here, we 27 examined the extent of population structure and recent evolution of the critically endangered 28 Yangtze finless porpoise (YFP, Neophocaena asiaeorientalis asiaeorientalis). By analysing 29 genetic variation at the mitochondrial and nuclear microsatellite loci for 153 individuals, we 30 identified 3 populations along the Yangtze River, each one connected to a group of admixed 31 ancestry. Each population displayed extremely low genetic diversity, consistent with 32 extremely small effective size (≤106 individuals) and census sizes. Habitat degradation and 33 distribution gaps correlated with highly asymmetric gene-flow that was inefficient in 34 maintaining connectivity between populations. Genetic inferences of historical demography 35 revealed that the populations in the Yangtze descended from a small number of founders 36 colonizing the river from the sea during the last Ice Age. The colonization was followed by a 37 rapid population split during the last millennium predating the Chinese industrial revolution. 38 However, genetic diversity showed a clear footprint of population contraction over the last 50 39 years leaving only 2% of the pre-collapsed size, concomitant with the industrial revolution. 40 These results provide background information for devising mitigation strategies to prevent 41 YFP extinction. 44 Dispersal and gene flow in a meta-population maintain local demographic and genetic 45 variation, thus increasing the probability of species persistence [1, 2] . Persistence of 46 wide-ranging animals occupying fragmented landscapes depends on the matrix quality of the 47 habitat and the ability of individuals to move among habitat patches [3] , and corridors 48 facilitate this movement [4] [5] [6] . Along the Yangtze River (China), industrial activities of the 49 past 50 years have put intense pressure on the freshwater ecosystem leading to habitat 50 degradation, species range fragmentation and extinction of some emblematic endemic species 51 such as the Yangtze River dolphin or baiji (Lipotes vexillifer) [7] . Today, the Yangtze finless 52 porpoise (Neophocaena asiaeorientalis spp. Asiaeorientalis; YFP) has become the only 53 surviving freshwater cetacean now found in China and the world's only freshwater porpoise 54 species [8] . 55 Endemic to the Yangtze River drainage, the YFP is now primarily restricted to the 56 middle-lower Yangtze Channel and two large appended lakes: Dongting Lake (DT) and 57 Poyang Lake (PY) [9] . The subspecies has occasionally been reported from some of the 58 larger adjacent tributaries (electronic supplementary material (ESM) figure S1) though this is 59 now rare [10] [11] [12] . The amount of river and lake habitat available to this subspecies is 60 relatively small compared to that available to marine populations of finless porpoises, which 61 occur in coastal waters from Japan to the Arabian Sea [8]. However, YFP abundance has 62 suffered from dramatic reductions from 2,500 individuals in 1991 [10] [14] . With such rapid range contraction, Mei et al. [15] estimated that the YFP may become 67 extinct within the next 60 years or less [14] . The YFP was thus recently reclassified as a 68 Critically Endangered population on the IUCN Red List [9] . As a top predator, the survival of 69 the finless porpoise depends heavily on habitat stability, food availability and maintenance of 70 corridors allowing dispersal between populations. However, food and habitat resources for 71 the species have become increasingly scattered and fragmented, and corridors across the 72 landscape have been compromised by the booming of the Chinese economy over the last 73 decades [13] . Despite these imminent threats, we still don't know how reduction in suitable 74 habitats in the Yangtze River has reduced the number of breeding porpoises and how habitat 75 fragmentation has impacted connectivity between population and the population structure 76 itself. This information is extremely difficult to quantify using direct observations. On the 77 other hand, population genetic approaches can provide key insights about historical 78 population demography, structure and connectivity by leaving detectable footprints on the 79 genetic diversity and its geographic structure [16, 17] . 80 
Introduction

81
Previous phylogeographic analyses based on the mitochondrial Control Region 82 (mtDNA-CR) of the finless porpoises from Chinese and Japanese waters documented 83 evidence of a demographic expansion following the Last Glacial Maximum (LGM, ~24,000 84 yrs BP) and the colonization of Yangtze River from the Yellow Sea ~22,000 yrs BP ago 85 [18, 19] . A subsequent mtDNA study within the Yangtze River itself revealed subdivisions 86 within the YFP populations suggestive of population fragmentation [20] . However, the fine 87 scale population structure, connectivity between populations, dynamics of population 88 expansion-contraction and demographic history of the YFP were not investigated further. In 89 the case of the YFP it is of interest to know whether the fragmented population structure and 90 ongoing decline have been recently triggered by human activities during the past 50 years or 91 were initiated earlier and exacerbated during the Anthropocene. We address those questions 92 by analysing a combination of fast and slow evolving genetic markers in order to capture 93 demographic events at different time scales [16, 21] . 127 We compared microsatellite genetic diversity between populations using the allelic richness Hardy-Weinberg were tested using 10 4 permutations and quantified using F IS and F ST [32] in 131 FSTAT v2.9.3.2 [33]. We applied a Bonferonni correction to correct for multiple tests. 154 We estimated contemporary effective migration rate (m) between populations using BayesAss 155 v.3.0.3 [42] . Preliminary runs were performed to adjust the mixing parameters of the MCMC 156 and ensure proposal acceptance rates between 20% and 60% following authors' 157 recommendations. We then performed 12 independent runs with different seeds, a burn-in of 158 5x10 6 iterations followed by 2x10 8 Next, we investigated the demographic history best describing the genetic diversity of the 179 combined microsatellite and mtDNA markers using a coalescent-based ABC approach [48] . 180 We stratified our workflow in two parts ( Figure S2 , table S1, S2). The ABC analysis showed that out of the 10 scenarios tested (figure 2a), the trichotomy 264 (SC1), which assume that XCSS, PY and TL diverged at the same time, received the highest 265 support with a probability of 67% and a 95%CI not overlapping with any other scenarios. 266 The performance analysis for this ABC step (ESM table S5 and S6) showed that more than 267 61.4% of the simulations under SC1 were correctly identified, leading to a very low average 268 Type-I error rate (false negative) of 4.3% ranging from 1.7% to 9.7%. Simulations under the 269 nine other competing scenarios led to a Type-II error rate of <12.9% incorrect assignment to 270 SC1 (false positives) and a very good power (87.1%) to discriminate the best scenario from 271 the others. discriminate among the six scenarios tested. The Type-II error rate (false positive) was only 280 7.2% and the power to discriminate this scenario from the others was 92.8%. The sensitivity 281 analysis showed that simulations generated with SC3 were more difficult to identify, with an 282 average Type-I error rate of 12.4% (ranging between 1 and 21% error, depending on the 283 scenario). The goodness-of-fit of this bottleneck scenario (SC3) to the data was also very 284 good, as the simulations using this scenario and posterior distributions for each parameter, 
(c) Genetic diversity and differentiation
(f) Contemporary gene flow between populations
Discussion
305
Our study shows that the present-day genetic diversity of finless porpoise in the Yangtze 306 River (YFP) has been strongly influenced by an initial founder event that took place several 307 thousand years ago, followed by a population split into 3 populations (XCSS, TL, PY), and a 308 recent demographic collapse within the last 50 years.
310
Consistently with previous studies [18, 19] , the ABC genetic inferences (ESM table S11) 311 showed that a few individuals coming from a large ancestral population, likely a marine statistic characteristic of significant recent decline [45] . This is also indicated by the ABC 322 analysis supporting a scenario describing a drastic population reduction in each population 323 within the last five generations (figure 2b ii , SC2). According to this scenario, the reduction in 324 effective size would have been massive since their current sizes would be less than 2% of 325 their pre-collapsed sizes (ESM table S3, S11 and S12). These genetic inferences are in line 326 with the field estimates [14, 15, 50] ESM table S4 ). This is 364 consistent with field observations reporting groups of porpoises from PY moving to the main 365 river stem in the morning and back to the lake in the afternoon [51] . This result also supports 366 previous assertion [14] that immigration of porpoises from PY to the river may dampen 367 population decline in the Yangtze River. Unfortunately, such migration is likely inadequate 368 given the observed ongoing decline [14, 50] . In principle, the admixed group in the middle 369 section of the Yangtze River could serve as a bridge connecting the three differentiated figure S1 ) in order to restore the lake-river migration of the YFP. We also 389 recommend modification of current in situ reserves that will improve connectivity between 390 Ezhou and Zhenjiang. Likewise, more active measures could including a whole year fishing 391 ban in the reserve would certainly help [14] and possible translocation of isolated individuals 392 in the hope of increasing breed opportunities to increase genetic diversity. divergence scenarios generated and tested using the program DIYABC. Each coloured 575 segment depicts a distinct effective population size. (See the text, ESM appendix S1, table 576 S1-S2, S5-S12). 
